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(57) ABSTRACT

A medical image processing apparatus includes a unit con-
figured to analyze a target medical image a unit configured to
register information representing an aptitude of each doctor
with respect to interpretation of a specific lesion and a modal-
ity used by each doctor, and a unit configured to, when the
analysis result includes information associated with a lesion,
decide an assigned doctor based on information representing
the aptitude of each doctor with respect to interpretation of the
specific lesion, and, when the analysis result includes no
information associated with a lesion, decide an assigned doc-
tor based on the modality.

6 Claims, 16 Drawing Sheets
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FIG. 11A
INTERPRETING INTERPRETING
DOCTOR 1 DOCTOR 2
PATIENT - - - PATIENT G
PATIENT - - - PATIENT - -
PATIENT - - - DATIENT - - -
PATIENT - - - PATIENT - - -
PATIENT - - - PATIENT - - -
PATIENT - - - PATIENT - - -
FIG. 11B
INTERPRETING INTERPRETING
DOCTOR 1 DOCTOR 2
PATIENT - - - PATIENT - - -
PATIENT G PATIENT - - -
PATIENT - - - PATIENT - - -
PATIENT - - - PATIENT - - -
PATIENT - - - PATIENT - - -
PATIENT - - - PATIENT - - -
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MEDICAL IMAGE PROCESSING
APPARATUS, MEDICAL IMAGE
PROCESSING METHOD, AND PROGRAM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. National Stage of International
Patent Application No. PCT/JP2008/068475, filed Oct. 10,
2008, which claims priority from Japanese Patent Application
No. 2007-333193, filed Dec. 25, 2007. The disclosures of
both applications are hereby incorporated by reference herein
in their entirety.

TECHNICAL FIELD

The present invention relates to a medical 1mage process-

ing technique for supporting the interpretation of medical
1mages.

BACKGROUND ART

In the medical field, digitization of medical 1mages
obtained by imaging objects has been implemented. This
makes 1t possible to display, on a monitor, the medical 1images
obtained by using medical 1maging apparatuses such as an
X-ray apparatus, CR apparatus, C1 apparatus, MRI appara-
tus, PET apparatus, ultrasonic apparatus, and OCT apparatus.
A doctor then makes diagnosis of the state of a lesion and its
change over time by interpreting the medical images dis-
played on the momitor. In this case, CR 1s an abbreviation for
Computed Radiography, CT 1s an abbreviation for Computed
Tomography, and MRI 1s an abbreviation for Magnetic Reso-
nance Imaging. In addition, PET 1s an abbreviation for
Positron Emission Tomography, and OCT 1s an abbreviation
tor Optical Coherence "

Tomography.

Conventionally, for the purpose of reducing the operation
load on a doctor at the time of interpretation, a medical image
processing apparatus has been developed, which 1s called a
computer aided diagnosis apparatus (to be referred to as a
CAD herematter) capable of automatically detecting lesions
by analyzing medical images.

The CAD can detect, as a lesion, an abnormal tumor
shadow representing a cancer or the like, a high-density
minute calcified shadow, or the like based on an input medical
image. Partly automating interpreting operation by a doctor in
this manner can greatly reduce the operation load on the
doctor at the time of iterpretation.

In addition, with the aim of improving interpretation accu-
racy, for example, Japanese Patent Laid-Open No. 2006-
130049 has proposed an arrangement configured to rearrange
an 1nterpretation sequence based on the detection result
obtained by a CAD so as to sequentially interpret medical
images, starting from a medical image including a lesion with
a high malignancy grade. According to this arrangement, for
example, 1t 1s possible to reduce the oversight of lesions by
rearranging an iterpretation sequence so as to allow a doctor
to 1nterpret medical 1mages including lesions with high
malignancy grades during a time of day 1n which the doctor
feels less fatigue.

Furthermore, Japanese Patent Laid-Open No. 2004-
216008 has proposed an arrangement configured to rearrange
an 1nterpretation sequence so as to allow a doctor to continu-
ously interpret the same region, as well as rearranging an
interpretation sequence in accordance with malignancy
grades as described above. According to this arrangement, 1t
1s possible to further reduce the oversight of lesions.
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All the mventions disclosed in the respective patent refer-
ences described above are based on the premise that one
doctor interprets all medical images. In general, however, a
plurality of doctors serve 1n a hospital, center, or the like. In
this case, these doctors often share in interpreting a plurality
of medical images.

When a plurality of doctors serve as 1n this case, the respec-
tive doctors often specialize 1n different fields. Even 1t the
doctors specialize in the same field, they often vary in years of
experience. For this reason, how to assign a plurality of medi-
cal images to the respective doctors will greatly influence the
overall operating efficiency and interpretation accuracy in the
hospital or center.

The present mvention has been made in consideration of
the above problem, and has as its object to improve 1nterpre-
tation accuracy, as well as overall operating efficiency, when
a plurality of doctors share 1n interpreting a plurality of medi-
cal 1mages.

SUMMARY OF THE INVENTION

In order to achieve the above object, a medical image
processing apparatus according to the present invention has
the following arrangement. That 1s,

the apparatus 1s a medical 1mage processing apparatus
which decides assigned doctors so as to allow a plurality of
doctors to share 1n interpreting a plurality of medical images
obtained by imaging an object using a medical imaging appa-
ratus, the apparatus comprising an analysis unit configured to
analyze a medical image, of the plurality of medical images,
which serves as an assignment target, and outputting an
analysis result, an acquisition unit configured to acquire
information associated with a medical 1maging apparatus
used to obtain the medical 1image as the assignment target, a
registration unit configured to register information represent-
ing an aptitude of each doctor with respect to interpretation of
a specific lesion and information representing an aptitude of
cach doctor with respect to interpretation of a medical image
obtained by imaging by a specific medical imaging apparatus,
and a decision unit configured to, when the analysis result
obtained by the analysis unit includes information associated
with a lesion, decide an assigned doctor for the medical image
as the assignment target based on information which 1s reg-
istered by the registration unit and represents an aptitude of
cach doctor with respect to interpretation of a specific lesion,
and, when the analysis result obtained by the analysis unit
includes no information associated with a lesion, decide an
assigned doctor for the medical image as the assignment
target based on mformation which 1s registered by the regis-
tration unit and represents an aptitude of each doctor with
respect to interpretation of a medical 1mage obtained by
imaging by a specific medical imaging apparatus.

According to the present invention, 1t 1s possible to
improve mterpretation accuracy, as well as overall operating
eificiency, when a plurality of doctors share in interpreting a
plurality of medical images.

Other features and advantages of the present invention will
be apparent from the following description taken 1n conjunc-
tion with the accompanying drawings, 1n which like reference
numerals designate the same or similar parts throughout the
figures thereof.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, illustrate embodi-
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ments of the mvention and, together with the description,
serve to explain the principles of the imvention.

FIG. 1 1s a block diagram showing the arrangement of a
medical 1mage processing system 100 including a medical
1mage processing apparatus according to the first embodi-
ment of the present invention;

FIG. 2 1s a block diagram showing the hardware arrange-
ment of a medical image processing apparatus 101;

FI1G. 3 1s a functional block diagram showing the functions
implemented by a medical image processing program 208;

FI1G. 4A 1s a graph for explaining identification processing,
based on the least squares method and the Bayes decision
rule;

FI1G. 4B 1s a graph for explaining identification processing,
based on the least squares method and the Bayes decision
rule;

FIG. 5 1s a view showing an example of the interpreting
doctor information managed by a management unit 303;

FIG. 6 1s a flowchart showing a processing sequence 1n a
selection unit 304;

FIG. 7A 1s a flowchart showing the detailed processing
sequence of interpreting doctor decision processing;

FIG. 7B 1s a flowchart showing the detailed processing
sequence of interpreting doctor decision processing;

FIG. 8 1s a view showing an example of patient lists;

FIG. 9 1s a view showing an example of the patient lists
displayed on a display device 204 by an output unit 306;

FI1G. 10 1s a view showing an example of patient lists;

FIG. 11A 1s a view showing an example of patient lists;

FIG. 11B 1s a view showing an example of patient lists;

FIG. 12 1s a view showing an example of the interpreting,
doctor information managed by the management unit 303;

FI1G. 13 1s a flowchart showing a processing sequence 1n a
selection unit 304;

FIG. 14 1s a flowchart showing the detailed processing
sequence of interpreting doctor decision processing;

FIG. 15 1s a functional block diagram showing the func-
tions implemented by a medical image processing program
according to the fourth embodiment of the present invention;

FIG. 16A 1s a view showing an example of a patient list;
and

FIG. 16B 1s a view showing an example of a patient list.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

L1

The best mode for carrying out the present invention will be
described 1n detail below with reference to the accompanying
drawings.

First Embodiment

1. Arrangement of Medical Image Processing
System

FIG. 1 1s a block diagram showing the arrangement of a
medical 1image processing system 100 including a medical
image processing apparatus according to the first embodi-
ment of the present invention.

As shown 1n FIG. 1, the medical image processing system
includes a medical image processing apparatus 101, a medi-
cal imaging apparatus 102, and an 1image database 103, which
are communicably connected to each other via a network 104.

The medical 1imaging apparatus 102 i1s an apparatus to
generate medical images by imaging an object (patient), and
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4

includes an X-ray apparatus, CR apparatus, CT apparatus,
MRI apparatus, PET apparatus, ultrasonic diagnosis appara-
tus, and OCT apparatus.

The image database 103 stores the medical image obtained
by the medical imaging apparatus 102 upon adding additional
information. Additional information includes an 1maging
modality, imaging date and time, degree of urgency, interpre-
tation deadline, examination purpose, 1maging region, anam-
nesis, age, sex, smoking history, finding, chiel complaint,
examination result, hospital name, and patient name and birth
date.

The medical image processing apparatus 101 1s an appa-
ratus for displaying a medical image obtained by the medical
imaging apparatus 102 or amedical image stored in the image
database 103 and also inputting the result of interpretation by
a doctor based on the displayed medical image as character
information to create a report.

2. Hardware Arrangement of Medical Image
Processing Apparatus 101

FIG. 2 1s a block diagram showing the hardware arrange-
ment of the medical 1mage processing apparatus 101. As
shown 1n FIG. 2, the medical image processing apparatus 101
includes, as constituent elements, a CPU (Central Processing
Unit) 201, an mput device 203, a display device 204, a
memory 202, and a disk 205.

The CPU 201 executes various control programs and con-
trols the operation of each constituent element of the medical
image processing apparatus 101. The input device 203
accepts the pointing mput by a doctor and the 1nput of char-
acters and the like. The display device 204 displays the results
obtained when the CPU 201 executes various control pro-
grams. The display device 204 includes, for example, a CRT
monitor or a liquid crystal monitor.

The memory 202 stores a predetermined control program
and provides a work area at the time of execution of the
control program. The disk 205 stores an operating system
(OS) 206, device drives 207 for peripheral devices, and vari-
ous control programs such as a control program (to be
referred to as a “medical image processing program”™ 208) for
implementing a medical image processing method according
to the present invention.

3. Overall Functional Block of Medical Image
Processing Program 208

FIG. 3 15 a functional block diagram showing the functions
implemented by the medical image processing program 208.
As shown in FIG. 3, the medical image processing program
208 includes an 1mage analysis unit 301 to analyze the medi-
cal images stored 1n the image database 103, a registration
umt 302 to register a doctor who performs interpretation
(1interpreting doctor), and a management unit 303 to manage
interpreting doctor information.

The medical image processing program 208 also includes
a selection unit 304 to decide assigned doctors to be respec-
tively assigned with a plurality of medical images to be inter-
preted, based on the analysis result obtained by the 1mage
analysis unit 301 and the interpreting doctor information
managed by the management unit 303. The selection umt 304
turther generates a patient list containing an array of patient
IDs corresponding to the medical images assigned to each
interpreting doctor.

The medical 1mage processing program 208 further
includes a storage unit 305 to store, 1n the disk 205, the patient
list generated by the selection unit 304 for each interpreting
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doctor, and an output unit 306 to display the patient lists on
the display device 204. Each umt will be described in detail
below.

4. Image Analysis Unait

The 1image analysis umit 301 analyzes a medical image and
detects an organ region and/or a lesion (outputs, as an analysis
result, information associated with a lesion, for example, a
lesion probability, malignancy grade, identification difficulty,
and medical importance).

4.1 Detection of Organ Region

In the case of a chest CT image, for example, the detection
of an organ region 1s the detection of a region including a lung
field, diaphragm, bronchus, pulmonary artery, and pulmonary
vein. This also includes the classification of a detected lung
field 1into segments including a superior lobe, median lobe,
and inferior lobe. Note, however, that the types of organ
regions to be detected are not limited to them.

Note that as methods for detecting organ regions from
medical images, various methods are available. Assume that
this embodiment uses the level set method, which 1s one of the
dynamic contour methods. In the case of the level set method,
a level set function which 1s one dimension higher than that of
an organ region as a detection target 1s defined, and the organ
region as the detection target 1s regarded as the zero contour
line of the function. The contour 1s then controlled to detect an
organ region by updating this function based on the following
evolution equation called the level set equation.

G ALV =0

where ¢, represents the value obtained by primary differ-
entiation of the level set function 1n the time axis direction, F
represents the growth rate ot the contour, and |V | represents
the absolute value of the gradient of the level set function. In
this manner, an organ region 1s detected from the medical
image.

Note that the method to be used to detect an organ region 1s
not limited to the level set method. For example, 1t 1s possible
to use a method based on threshold processing, region grow-
ing method, dynamic contour method, method based on clus-
tering, mimmimum graph cut method, or the like. It 1s also
possible to use other methods.

It 15 also possible to selectively use these methods 1n accor-
dance with the organ region to be detected.

In addition, 1t 1s possible to use a probability atlas, human
figure model, or the like instead of using only an image
feature amount, when detecting an organ region.

4.2 Lesion Detection

When detecting a lesion from an organ region, first of all,
the 1image analysis unit 301 detects an abnormal portion by
detecting a difference by, for example, filter processing, pat-
tern matching processing, or registration processing for a past
image, average shape image, or the like and a medical image.

More specifically, filter processing uses, for example, a
filter 1n consideration of a shape or the direction of a gradient
vector.

A feature amount 1s then extracted by detecting an abnor-
mal portion using one of these processes or other processes.

Note that the feature amount extracted at this time includes
the feature amount based on a pixel value, for example, a CT
value average, C'T value variance/standard deviation, maxi-
mum/minimum CT value, contrast, energy, or entropy. This
feature amount also 1ncludes the feature amount based on a
shape, for example, a peround, surface area, volume, spheric-
ity, 1irregularity, average curvature, principal curvature, Gaus-
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6

sian curvature, or maximum diameter. Assume that this
embodiment extracts at least one or a combination of the
above feature amounts.

The image analysis unit 301 performs processing for deter-
mining whether a detected abnormal portion 1s a lesion (le-
sion probability), identifying, 1f it 1s a lesion, the type of
lesion, and also 1dentitying a malignancy grade for catego-
rizing the lesion as a malignant or benign lesion and medical
importance.

A case 1 which the processing for determining whether a
detected abnormal portion 1s a lesion or identifying the malig-
nancy grade of a lesion (whether 1t 1s malignant or benign)
and the 1dentification difficulty of the lesion 1s performed by
using the least squares method and the Bayes decision rule
will be described with reference to FIGS. 4A and 4B. The
malignancy grades to be 1dentified are classified into classes
m, and m,, and will be described by using the feature space 1n
FIG. 4A and the discrimination space in FIG. 4B.

An mput given pattern x (the feature amount of a target
medical image) 1s transierred to a Bayesian probability vector
whose 1th component 1s the Bayesian posterior probability of
a class m, according to optimal mapping y,*=0*(x,).

A Bayesian boundary 1n the feature space corresponds to a
simple barycentric subdivision boundary in the (c-1)th
dimension, and corresponds to a simple linear 1dentification
boundary 1n the discrimination space. Reference symbol ft,
denotes a representative point 1n each class in the discrimi-
nation space. The square distance between y* and t, on a
discrimination plane 1s given by the following equation.

D, ={ly*=#{*=[y*|I-2P(w;lx)+1

Selecting a class so as to mimmize the square distance
between y* and t, theretore, can 1dentify a specific class to
which the mput pattern x belongs.

Letting D, be the distance between the input pattern x and
the class w, and D, be the distance between the imnput pattern
x and the class m,, 1t1s possible to obtain the distance from the
Bayesian boundary by using the likelihood ratio. In this case,
the likelihood ratio 1s expressed by D,/D,. That 1s, as the
likelihood ratio increases, the probability that the iput pat-
tern belongs to the class m, increases. As the likelihood ratio
decreases, the probabaility that the input pattern belongs to the
class m, increases. As this radio approaches 1, the pattern
approaches the Bayesian boundary. There 1s a possibility that
the 1mage analysis unit 301 will erroneously identily the
pattern X near the Bayesian boundary. In addition, it may be
difficult for an mterpreting doctor to perform determination
when performing interpretation. For this reason, a tlag 1s set
for a medical image including a lesion within a predetermined
distance from the Bayesian boundary to indicate that identi-
fication 1s difficult. In this case, for example, a threshold Th of
likelihood ratio by which difliculty of 1dentification 1s deter-
mined 1s set to 0.9<Th<1.1.

In this manner, 1dentification processing can be performed
by using the feature amount extracted from a medical image.
Although the identification processing described above uses
the least squares method and Bayes decision rule, the present
invention 1s not limited to this. For example, this processing
can use a linear discrimination method, support vector
machine, AdaBoost, neural network, or the like.

5. Registration Unait

The registration unit 302 will be described next. The reg-
istration unit 302 registers interpreting doctors who share 1n
interpreting medical images and interpreting doctor informa-
tion based on the analysis result obtained by the 1mage analy-
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s1s unit 301. An interpreting doctor 1s registered when the
doctor logs 1n to the medical image processing apparatus 101
to interpret a medical image. A registered interpreting doctor
1s deregistered when the doctor logs out the medical image
processing apparatus 101.

Assume that interpreting doctor information can be regis-
tered 1n advance, during interpretation, or by learning.
Assume also that an authenticated person or a third person
authorized to register can perform registration. Note that 1t 1s
also possible to register interpreting doctor information by,

for example, accessing an external storage terminal and
acquiring interpreting doctor information.

6. Management Unit

The management unit 303 will be described next. The
management unit 303 manages the interpreting doctor infor-
mation registered by the registration unit 302. Even after an
interpreting doctor logs out the medical 1mage processing
apparatus 101, the management unit 303 keeps recording
interpreting doctor information on a disk, together with the ID
information of the interpreting doctor.

The selection unit 304 uses the mterpreting doctor infor-
mation managed by the management unit 303 to decide
assigned doctors when assigning medical 1mages to the
respective iterpreting doctors.

FIG. 5 1s a view showing an example of the interpreting
doctor information managed by the management unit 303. As
shown 1n FIG. 5, interpreting doctor information includes a
modality in which each interpreting doctor excels (informa-
tion 1ndicating the aptitude of each iterpreting doctor with
respect to the mterpretation of medical images obtained by a
specific medical imaging apparatus). The interpreting doctor
information also includes information indicating the aptitude
of each iterpreting doctor with respect to the interpretation
ol a specific lesion, for example, the specialized field of each
interpreting doctor, the doctor’s speciality 1in region/disease,
years ol experience, and post.

7. Selection Unait

A processing sequence in the selection unit 304 will be
described next with reference to the flowchart of FIG. 6. In
step S601, the selection unit 304 acquires, as an analysis
result, at least one or a combination o the organ region, lesion
probability, type of lesion, identification difficulty, malig-
nancy grade, and medical importance detected by the image
analysis umt 301.

In step S602, the selection unit 304 acquires, as additional
information of a medical image, an 1imaging modality (infor-
mation associated with a medical image apparatus), imaging,
date and time, degree of urgency, interpretation deadline (1n-
formation associated with a temporal limitation), examina-
tion purpose, 1maging region, anamnesis, age, sex, smoking,
history, finding, chief complaint, and examination result.
Assume that additional mnformation to be acquired 1s at least
one or a combination of these pieces of information.

In step S603, the selection unit 304 acquires interpreting,
doctor information of the interpreting doctor who 1s currently
performing interpretation from the management umt 303.
The interpreting doctor information includes at least one or a
combination of the specialized field of the interpreting doctor
or the modality 1n which the doctor excels, doctor’s speciality
in the region/disease, the years of experience, and the post.

In step S604, the storage unit 305 acquires information
associated with the progress of interpretation by an interpret-
ing doctor who 1s currently performing interpretation from
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the storage unit 305. The information associated with the
progress of interpretation includes the number of patients
pooled 1n a patient list and at least one or a combination of the
average value, maximum value, and minimum value of inter-
pretation times required to interpret medical images of one
patient.

In step S605, the selection unit 304 decides interpreting
doctors for medical images as assignment targets, based on
the information acquired in steps S601 to S604. Note that the
details of the processing for deciding interpreting doctors for
medical 1mages as assignment targets (interpreting doctor
decision processing) will be described later.

In step S606, the selection unit 304 generates a patient list
for displaying a list of patients corresponding to medical
images assigned to the respective interpreting doctors based
on the interpreting doctor decision processing result in step
S605 (patient list generation processing ). Note that the details
of the patient list generation processing will be described
later.

7.1 Details (1) of Interpreting Doctor Decision Processing,
(Step S605)

FIG. 7A 1s a flowchart showing the detailed processing
sequence ol interpreting doctor decision processing (step
S605). In step S701, it 1s determined whether the image
analysis unit 301 has detected a lesion on a medical image as
an assignment target.

If 1t 1s determined in step S701 that no lesion has been
detected, the process advances to step S702 to assign the
medical image as the assignment target to a general interpret-
ing doctor for which a corresponding modality 1s set.

If 1t 1s determined 1n step S701 that a lesion has been
detected, the process advances to step S703 to determine
whether the image analysis unit 301 has determined that the
lesion 1s difficult to 1dentily.

I1 1t 1s determined 1n step S703 that the lesion 1s difficult to
identify, the process advances to step S704 to assign the
medical image as the assignment target to a skilled interpret-
ing doctor specializing in the corresponding field.

If1t1s determined in step S703 that the lesion 1s not difficult
to 1dentily, the process advances to step S705 to assign the
medical 1image as the assignment target to an interpreting
doctor specializing 1n the corresponding field.

Performing interpreting doctor decision processing in this
manner will assign medical images as assignment targets to
suitable mterpreting doctors.

A specific example of the above interpreting doctor deci-
s1on processing will be described below in correspondence
with an example of the interpreting doctor information in
FIG. 5.

I, for example, a lung cancer has been detected on a chest
CT 1mmage, and the image analysis unit 301 has determined
that the lesion 1s not difficult to i1dentily (no tlag 1s set),
interpreting doctors 1 to 3 are selected as interpreting doctors
specializing 1n the region i which the lesion has been
detected.

In contrast, 11 a lung cancer has been detected ona chest CT
image, and the image analysis unit 301 has determined that
the lesion 1s difficult to 1dentify (a flag 1s set), interpreting,
doctor 1 1s selected as a skilled interpreting doctor specializ-
ing in the region 1n which the lesion has been detected.

If no lesion has been detected on the chest CT i1mage,
interpreting doctors 1 to 4 are selected as interpreting doctors
corresponding to interpreting doctor information in which the
modality which has obtained the medical image 1s set.
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7.2 Details (2) of Interpreting Doctor Decision Processing,
(Step S605)

FI1G. 7B 1s a flowchart showing another detailed processing
sequence of interpreting doctor decision processing. In step
S711, 1t 1s determined whether the image analysis unit 301
has detected a lesion on a medical image as an assignment

target.

If 1t 1s determined 1n step S711 that no lesion has been
detected, the process advances to step S712 to assign a medi-
cal 1mage as an assignment target to a general interpreting
doctor for which a corresponding modality 1s set.

If 1t 1s determined in step S711 that a lesion has been
detected, the process advances to step S713 to determine
whether the lesion 1s a lesion with a high medical importance.
A medical importance 1s a degree indicating the possibility
that the lesion may endanger the life of the patient. A lesion
which 1s likely to endanger the life 1s determined as a lesion
with a high medical importance.

IT 1t 1s determined 1n step S713 that the lesion 1s a lesion
with a high medical importance, the process advances step
S714 to assign the medical image as the assignment target to
a specialized, skilled interpreting doctor.

If 1t 1s determined 1n step S713 that the lesion 1s a lesion
with a low medical importance, the process advances to step
S71S to assign the medical image as the assignment target to
a specialized interpreting doctor.

Performing mterpreting doctor decision processing in this
manner will assign medical 1mages as assignment targets to
suitable interpreting doctors.

A specific example of the above mterpreting doctor deci-
sion processing will be described below in correspondence
with an example of the interpreting doctor mformation in
FIG. 5.

If, for example, a lung cancer 1s detected on a chest CT
image, interpreting doctor 1 or interpreting doctor 3 1is
selected.

In contrast, 11 pneumonia 1s detected on a chest CT 1mage,
interpreting doctor 2 1s selected for the following reason. In
general, a lung cancer 1s higher in medical importance than
pneumonia. In addition, a malignant disease 1s higher in
medical importance than a benign disease.

7.3 Details of Patient List Generation Processing (Step
S606)

FI1G. 8 1s a view showing an example of a patient list set for
cach interpreting doctor. A patient list 1s a list indicating the
correspondence relationship between each interpreting doc-
tor and medical image IDs, with the IDs being ordered in the
interpretation sequence. Patient lists are generated based on
interpreting doctor information, and hence differ for the
respective interpreting doctors.

The order of patient IDs corresponding to medical images
which are arrayed 1n a patient list 1s decided based on the
scores calculated by comparing the additional information of
cach medical image and the analysis result obtained by the
image analysis unit 301 with the interpreting doctor informa-
tion.

More specifically, positive points are added to scores in
accordance with the degrees of urgency, 1dentification difi-
culties, the medical importances of lesions, and the like.

Patient IDs corresponding to medical images with higher
calculated scores are arrayed at higher positions in the patient
list. Consider, for example, a chest CT image on which a lung
cancer 1s detected, and a chest C'T 1image on which pneumonia
1s detected. In this case, a patient ID corresponding to the
medical image on which the lung cancer has been detected 1s
placed at a higher position in the patient list.
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Note that 1t 1s possible to assign a weight to a point to be
added 1n accordance with the experience or post of each
interpreting doctor when calculating a score so as to set higher
points for interpreting doctors with higher skills. With this
arrangement, when the same medical 1mage 1s assigned to a
plurality of interpreting doctors, since the medical image 1s
set 1n the patient list for a skilled interpreting doctor 1s higher
in position than in the patient list for a general interpreting
doctor, 1t 1s possible to make a more specialized interpreting
doctor interpret a medical image including a lesion which 1s
difficult to identity.

Note that 1n the case shown 1n FIG. 8, patients X and Y are
arrayed at lower positions 1n both the patient lists for inter-
preting doctors 2 and 3. This 1s a case 1n which the same
medical 1mages are arrayed in the list for an interpreting
doctor other than skilled interpreting doctors. Assume that 1in
this case, when one of the interpreting doctors performs inter-
pretation first, patients X and Y are deleted from the patient
l1st for the other interpreting doctor.

As described above, even 11 the order of patients 1n a patient
list 1s decided once, the order 1s not fixed but 1s changed 1n
accordance with the progress of interpretation by the inter-
preting doctor. According to this arrangement, if, for
example, an interpreting doctor has not started interpreting a
medical image with a high degree of urgency a predetermined
period of time before the deadline, it 1s possible to perform
control to interchange the position of the patient ID corre-
sponding to the medical image with a higher position 1n the
patient list.

8. Storage Unait

The storage umt 305 will be described next. The storage
unit 305 stores the patient list generated by the selection unit
304 for each interpreting doctor. The storage unit 305 stores 1n
advance, 1n the disk 205, the medical images assigned to only
a specific interpreting doctor and the medical 1mages
assigned to many interpreting doctors. With regard to a medi-
cal 1image assigned to many interpreting doctors, when a
given 1mterpreting doctor interprets the image first, the image
1s deleted from the patient lists for the remaining interpreting
doctors.

9. Output Unait

The output unit 306 will be described next. The output unit
306 displays medical images on the display device 204 in the
order of the patient list generated by the selection unit 304.
Note that patient lists can be displayed to allow interpreting,
doctors and third persons to check the interpretation
sequence, or can be internally stored without being displayed.

On displayed patient lists or medical images, marks are
displayed to differentiate medical images assigned to only
specific mnterpreting doctors from medical images assigned to
many interpreting doctors.

Assume also that a mark 1s displayed on a medical image
for which a degree of urgency or an interpretation deadline 1s
set, 1n order to differentiate 1t from other medical images.

FIG. 9 1s a view showing an example of the patient lists
displayed on the display device 204 by the output unit 306. In
the case shown 1 FIG. 9, marks are displayed on the patient
list so as to diflerentiate patient IDs corresponding to medical
images assigned to many interpreting doctors from other
patient IDs. Note that the shape and color of each mark are not
limited to these, and each mark can have any shape and color
as long as 1t 1s possible to recognize some difference from
other patient IDs.
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Consider patient list display methods. As shown 1n FIG. 9,
patient IDs corresponding to medical images can be arranged

and displayed 1n the interpretation sequence for each inter-
preting doctor. Alternatively, as shown 1n FIG. 10, interpret-

ing doctor IDs can be arranged and displayed abreast of 3

patient IDs corresponding to medical images. Displaying
interpreting doctor IDs 1n this manner makes 1t possible to
check a list of interpreting doctors who will take or have taken
charge of the respective patients.

When terpreting doctors scheduled to take charge of the
respective patients are to be displayed side by side, they can
be arranged 1n the order of interpreting doctors decided by the
selection unit 304 or can be arranged based on interpreting
doctor information such as posts or experiences.

Medical images are output to a CRT, liquid crystal display,
plasma display, or the like. Patient lists may be displayed on
the display device 204 such as a CRT, liquid crystal display, or
plasma display, or may be printed out on a paper medium by
using a printer (not shown). Note that the output unit 306
shown 1n FIG. 2 may include a plurality of output units.

As 1s obvious from the above description, the medical
1mage processing apparatus according to this embodiment 1s
configured to decide assigned doctors at the time of interpre-
tation of medical 1images, based on the medical image analy-
s1s result obtained by the 1image analysis unit 301 and the
interpreting doctor information managed by the management
unit 303.

This makes 1t possible to improve the overall operating
eificiency when a plurality of interpreting doctors share the
interpreting operation and also improve interpretation accu-
racy.

Second Embodiment

In the first embodiment described above, a medical image
determined by the image analysis unit 301 as one that is
difficult to 1dentity (for which a flag 1s set) 1s assigned to a
skilled interpreting doctor or an interpreting doctor special-
1zing 1n a region 1n which a lesion has been detected.

However, the present invention 1s not limited to this, and
can be configured to, for example, assign a medical image
which 1s difficult to 1dentify to a resident or an unexperienced
doctor for education purpose. Alternatively, the present
invention can be configured to automatically assign a medical
image mnterpreted by a resident to an advising doctor who 1s 1n
a position to advise residents and the like.

The first embodiment described above 1s also configured to
assign a medical 1mage from which no lesion has been
detected by the image analysis unit 301 to a general interpret-
ing doctor for which a corresponding modality 1s set.

However, the present invention 1s not limited to this. For
example, the present invention can be configured to 1nhibit a
resident or unexperienced interpreting doctor from setting a
doctor’s speciality in region or modality and to make him/her
interpret all medical 1mages from which no lesion has been
detected.

In the first embodiment described above, all pieces of infor-
mation registered as interpreting doctor information are
handled on the same level. However, the present invention 1s
not limited to this. For example, the present invention can be
configured to set priority levels so as to handle information

registered as interpreting doctor information upon weighting,
it.

More specifically, for example, 1n the case of modalities, a
C'T image and an MRI 1mage are respectively set to “1” and
“2”. In the case of doctor’s speciality in regions, a chest
region, abdominal region, and head region are respectively set
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to “17, *“27, and “3”. If priority levels are set, weights are set
in accordance with the priority levels.

The above setting of prionty levels 1s an example. Besides
this example, 1t 1s possible to set priority levels based on
categories such as a chest region and an abdominal region.
Alternatively, 1t 1s possible to set priority levels 1 detail as
tollows. In the case of a chest region, the lungis setto “1”, and
the heart 1s set to “27.

As described above, the medical image processing appa-
ratus according to this embodiment 1s basically configured to
optimally assign medical images based on analysis results
and interpreting doctor information and 1s configured to arbi-
trarily set a setting criterion based on a diagnosis criterion for
cach hospital or center.

The first embodiment described above generates patient
lists 1n mterpreting doctor decision processing and performs
interpretation based on the lists. However, the present inven-
tion 1s not limited to this, and can be configured to dynami-
cally change the interpretation sequence 1n a patient list dur-
ing interpretation.

When, for example, aresident and an advising doctor are to
perform double reading, the advising doctor preferably per-
forms interpretation after the resident performs interpreta-
tion. For this purpose, this apparatus may be configured to
automatically add, to a patient list for the advising doctor, a
patient ID corresponding to a medical image interpreted by
the resident, when the resident completes interpretation.

FIGS. 11 A and 11B each show an example of such patient
lists. FIG. 11 A shows patient lists before interpreting doctor
2 who 15 a resident interprets a medical image of a patient G.
FIG. 11B shows a case 1n which the patient G 1s added to the
patient list for interpreting doctor 1 who 1s an advising doctor
after interpreting doctor 2 finishes interpreting a medical
image of the patient G.

Assume another case 1n which a specific interpreting doc-
tor stops 1nterpretation halfway or the progress of interpreta-
tion 1s stagnant. In this case, 1t 1s necessary to reassign another
interpreting doctor the medical image assigned to the specific
interpreting doctor. For this reason, 1n such a case, this appa-
ratus may be configured to add a patient ID corresponding to
the medical image to a patient list for a skilled or specialized
interpreting doctor. Note that 1n this case, the apparatus may
be configured to perform no additional processing when the
medical image 1s assigned to an interpreting doctor other than
the specific interpreting doctor.

Third Embodiment

The first and second embodiments are configured to assign
medical 1mages to optimal interpreting doctors from the
viewpolint ol interpretation accuracy based on the analysis
result obtained by the image analysis unit and interpreting
doctor information.

However, the present invention 1s not limited to this, and
can be configured to assign medical 1images to interpreting
doctors from the viewpoint of the optimization of interpreta-
tion timings based on the additional information of each
medical image and the schedule information of interpreting
doctors. The details of this embodiment will be described
below.

Note that the hardware arrangement of a medical image
processing apparatus according to this embodiment 1s the
same as that of the first embodiment, and hence a repetitive
description will be omitted. Of the functions implemented by
executing a medical image processing program, the functions
of the respective units other than the management unit and the
selection unit are the same as those 1n the first embodiment,
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and hence a repetitive description will be omitted. Processing
in the management unit and the selection unit will be
described with a focus on the differences from the first
embodiment described above.

1. Management Unit

The management umt will be described first. FIG. 12 1s a
view showing an example of the interpreting doctor informa-
tion managed by a management unit 303. The management
unit 303 also manages the time schedule of mterpreting doc-
tors (information associated with the times at which medical
images can be interpreted) as interpreting doctor information.
In the time schedule, the dates and times at which interpreting
doctors will perform interpretation are set. Note that it 1s
possible to automatically update the time schedule on a daily
basis or to collectively update 1t with information correspond-
ing to several days.

2. Selection Unit

Processing 1n a selection unit 304 will be described next
with reference to the flowchart of FIG. 13. The processing in
steps S601 to S603 1s the same as that 1n the first embodiment
(FIG. 6).

In step S1304, the selection unit 304 acquires the time
schedule of interpreting doctors registered in the manage-
ment unit 303.

In step S1303, the selection unit 304 decides interpreting,
doctors who will interpret medical 1mages as assignment
targets from an acquired analysis result and the time schedule
of the mterpreting doctors.

In step S606, a patient list for displaying a list of patients
corresponding to the assigned medical images 1s generated
for each interpreting doctor based on the mterpreting doctor
decision processing result in step S1305.

2.1 Details of Interpreting Doctor Decision Processing
(Step S1305)

FIG. 14 1s a flowchart showing the detailed processing
sequence of interpreting doctor decision processing. In step
51401, 1t 1s determined whether a degree of urgency 1s set 1n
the additional information of a medical image. If 1t 1s deter-
mined i step S1401 that a degree of urgency 1s set, the
process advances to step S1402 to decide an interpreting
doctor, of interpreting doctors who are currently performing
interpretation, to which the medical 1image 1s to be assigned.

If 1t 1s determined 1n step S1401 that no degree of urgency
1s set, the process advances to step S1403 to determine
whether an interpretation deadline 1s set 1n the additional
information of the medical image.

If 1t 1s determined 1n step S1403 that an interpretation
deadline 1s set, the process advances to step S1404 to decide
an 1terpreting doctor, of interpreting doctors who perform
interpretation betore the interpretation deadline, to which the
medical image 1s to be assigned.

If neither a degree of urgency nor an interpretation deadline
1s set, the process advances to step S1405 to decide one of the
interpreting doctors scheduled to perform interpretation
within a set time. Assume that in this case, a set time can be set
for each hospital or interpretation center, and can be set such
that interpretation should be performed within, for example,
6, 12, or 24 hr.

As 15 obvious from the above description, this embodiment
assigns a plurality of medical images to optimal interpreting
doctors based on the additional information added to the
medical images obtained by a medical imaging apparatus and
the time schedule of the mterpreting doctors. This makes it
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possible to perform interpretation at optimal interpretation
timings when a plurality of mterpreting doctors interpret a
plurality of medical images.

Fourth Embodiment

Each embodiment described above has exemplified the
processing for optimizing the assignment of a plurality of
medical images to a plurality of interpreting doctors. How-
ever, the present ivention 1s not limited to this, and can be
coniigured to optimize the interpretation sequence of medical
images optimally assigned to the respective interpreting doc-
tors.

FIG. 15 1s a functional block diagram showing the func-
tions implemented by a medical image processing program
according to this embodiment. The difference from FIG. 3 1s
that an 1mage sequence setting unit 1506 1s newly added.

Processing 1n the image sequence setting unit will be
described below.

The image sequence setting unit 1506 sets an interpretation
sequence 1n a patient list based on the conditions set by an
interpreting doctor. For example, the iterpreting doctor can
designate an interpretation sequence in the order of 1dentifi-
cation difficulty, malignancy grade, interpretation deadline,
or 1maging time, or on a modality, imaging region, or lesion
detection region basis, or at random.

FIGS. 16 A and 16B each show an example of a patient list
which 1s rearranged upon setting by an interpreting doctor.
FIG. 16 A shows an example of the patient list automatically
set by a medical image processing apparatus 101. FIG. 16B
shows an example of the patient list after the interpretation
sequence 1s rearranged upon setting by the interpreting doc-
tor.

When an interpretation sequence 1s to be designated 1n the
order of identification difficulties, the patient list 1s rear-
ranged 1n ascending order of the distances between the pat-
terns and the Bayesian boundary between classes based on
the 1dentification result obtained by an 1mage analysis unit
301.

When an interpretation sequence 1s to be designated in the
order of malignancy grades, the patient list 1s rearranged 1n
descending order of likelihood ratio, with a class w, being a
malignant class when the image analysis unit 301 1dentifies
malignancy grades.

Assume that an interpretation sequence 1s to be designated
in the order of interpretation deadlines. In this case, when an
interpretation deadline 1s set 1n the additional information of
cach medical image, the patient list 1s rearranged 1n ascending
order of remaining time to the interpretation deadline. When
an 1terpretation sequence 1s to be designated 1n the order of
imaging times, the patient list is rearranged 1n the order of the
times at which the medical 1images were obtained by the
respective modalities. When an interpretation sequence 1s to
be designated on a modality basis, the sequence 1s rearranged
on an imaging modality basis, including an X-ray apparatus,
CT apparatus, and MRI apparatus.

When an interpretation sequence 1s to be designated on an
imaging region basis, the sequence 1s rearranged on an 1mag-
ing region basis, including a chest region, breast region, and
abdominal region. When an interpretation sequence 1s to be
designated on a lesion detection region basis, the sequence 1s
rearranged for the respective regions 1n which lesions were
detected by the 1mage analysis unit 301. That 1s, when the
imaging range of medical images 1s a chest region, a medical
image on which a lesion 1n the lung 1s detected and a medical
image on which a lesion 1n the cardiovascular system 1is
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detected are rearranged 1n different manners. Assume that the
above rearrangements each allow setting an ascending order
or a descending order.

Assume that even in this case, a patient ID corresponding to
a medical 1mage set for only a specific interpreting doctor by
the medical 1mage processing apparatus 1s placed at a higher
position in the patient list. For example, in the case of inter-
preting doctor 3 1n FIG. 12, since the time schedule 1s set to
13:00 to 15:00, mterpretation can be performed only within
the set time. Assume therefore that the selection unit 304
preferentially places a medical image set for only a specific
interpreting doctor at a higher position 1n the patient list so as
to allow the doctor to interpret the image within the set time.

As 1s obvious from the above description, this embodiment
allows each interpreting doctor to rearrange the medical
images optically assigned to each interpreting doctor to an
optimal sequence. This makes it possible to 1mprove the
interpretation accuracy and reduce oversight.

Other Embodiments

The present mnvention may be applied to a system consti-
tuted by a plurality of devices (e.g., a host computer, intertace
device, reader, and printer) or an apparatus comprising a
single device (e.g., a copying machine or facsimile appara-
tus).

Obviously, the object of the present mvention 1s 1mple-
mented even by supplying a computer-readable storage
medium storing software program codes for implementing,
the functions of the above embodiments to the system or
apparatus. In this case, the above functions are implemented
by causing the computer (or the CPU or MPU) of the system
or apparatus to read out and execute the program codes stored
in the storage medium. In this case, the storage medium
storing the program codes constitutes the present invention.

As a storage medium for supplying the program codes, for
example, a Floppy® disk, hard disk, optical disk, magnetoop-
tical disk, CD-ROM, CD-R, magnetic tape, nonvolatile
memory card, or ROM can be used.

As 1s obvious, the functions of the above embodiments are
implemented not only when the readout program codes are
executed by the computer but also when the OS (Operating
System) running on the computer performs part or all of
actual processing on the basis of the 1nstructions of the pro-
gram codes.

In addition, the present invention also icorporates a case
in which the functions of the above embodiments are imple-
mented after the program codes read out from the storage
medium are written 1in the memory of a function expansion
board inserted into the computer or a function expansion unit
connected to the computer. That 1s, the present invention also
incorporates a case in which the functions of the above
embodiments are implemented when the program codes are
written 1n the memory, and the CPU of the function expansion
board or function expansion unit performs part or all of actual

processing on the basis of the instructions of the program
codes.

The present invention 1s not limited to the above embodi-
ments and various changes and modifications can be made
within the spirit and scope of the present invention. Therelore,
to apprise the public of the scope of the present invention, the
following claims are made.

This application claims the benefit of Japanese Patent
Application No. 2007-333193, filed Dec. 25, 2007, which 1s

hereby incorporated by reference herein in 1ts entirety.
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The mvention claimed 1s:
1. A medical image processing apparatus which decides
assigned doctors so as to allow a plurality of doctors to share
in interpreting a plurality of medical images obtained by
imaging an object using a medical 1imaging apparatus, com-
prising;:
a processor, and
a memory storing instructions that, when executed by the
processor, cause the apparatus to:
analyze a medical image, of the plurality of medical
images, which serves as an assignment;
output an analysis result;
acquire information associated with a medical imaging,
apparatus used to obtain the medical image as the
assignment target;
register information representing an aptitude of each
doctor with respect to interpretation of a specific
lesion and information representing an aptitude of
cach doctor with respect to interpretation of a medical
image obtained by imaging by a specific medical
imaging apparatus;
when the analysis result includes information associated
with a lesion, decide an assigned doctor for the medi-
cal image as the assignment target based on informa-
tion which 1s registered and represents an aptitude of
cach doctor with respect to interpretation of a specific
lesion; and
when the analysis result includes no information asso-
ciated with a lesion, decide an assigned doctor for the
medical 1image as the assignment target based on
information which 1s registered and represents an
aptitude of each doctor with respect to interpretation
of a medical image obtained by imaging by a specific
medical imaging apparatus.
2. The medical 1image processing apparatus according to
claim 1, wherein the instructions, when executed by the pro-
cessor, further cause the apparatus to, when deciding an
assigned doctor for the medical image as the assignment
target based on information which 1s registered and represents
an aptitude of a doctor with respect to interpretation of a
specific lesion, decide different assigned doctors 1n accor-
dance with an identification difficulty of a lesion, 1 the analy-
s1s result includes the identification difficulty of the lesion as
information associated with the lesion.
3. The medical image processing apparatus according to
claim 1, wherein the instructions, when executed by the pro-
cessor, further cause the apparatus to:
register at least one of a field 1n which each doctor special-
1zes, a doctor’s specialty in region in interpretation,
years of experience 1n interpretation, and a post as infor-
mation representing an aptitude of each doctor with
respect to interpretation of a specific lesion; and

register information associated with a medical image appa-
ratus for which each doctor 1s configured to perform
interpretation, as information representing an aptitude
of each doctor with respect to interpretation of a medical
image obtained by 1maging by a specific medical imag-
ing apparatus.

4. The medical image processing apparatus according to
claim 1, wherein the instructions, when executed by the pro-
cessor, Turther cause the apparatus to set, for each assigned
doctor, an interpretation sequence of the respective medical
images for which assigned doctors have been decided.

5. A medical image processing method 1n a medical image
processing apparatus which decides assigned doctors so as to
allow a plurality of doctors to share in interpreting a plurality
of medical images obtained by 1maging an object using a
medical imaging apparatus, comprising;
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analyzing, by a processor, a medical image, of the plurality
of medical 1mages, which serves as an assignment tar-
get.

outputting, by the processor, an analysis result;

acquiring, by the processor, information associated with a
medical 1maging apparatus used to obtain the medical
image as the assignment target;

registering, by the processor, information representing an
aptitude of each doctor with respect to interpretation of
a specific lesion and mmformation representing an apti-
tude of each doctor with respect to iterpretation of a
medical image obtained by 1maging by a specific medi-
cal imaging apparatus;

when the analysis result includes information associated
with a lesion, deciding, by the processor, an assigned
doctor for the medical image as the assignment target
based on information which is registered and represents
an aptitude of each doctor with respect to mterpretation
of a specific lesion; and

when the analysis result includes no information associ-
ated with a lesion, deciding, by the processor, an
assigned doctor for the medical image as the assignment
target based on information which 1s registered and rep-
resents an aptitude of each doctor with respect to inter-
pretation of a medical image obtained by imaging by a
specific medical imaging apparatus.

6. A non-transitory computer-readable storage medium

storing a program for causing a computer to execute a medical
image processing method i a medical 1mage processing
apparatus which decides assigned doctors so as to allow a

5

10

15

20

25

18

plurality of doctors to share in interpreting a plurality of
medical images obtained by 1imaging an object using a medi-
cal imaging apparatus, the method comprising:

analyzing a medical image, of the plurality of medical
images, which serves as an assignment target;

outputting an analysis result;

acquiring information associated with a medical imaging
apparatus used to obtain the medical image as the
assignment target;

registering information representing an aptitude of each
doctor with respect to interpretation of a specific lesion
and information representing an aptitude of each doctor
with respect to interpretation of a medical 1mage
obtained by imaging by a specific medical 1imaging
apparatus;

when the analysis result includes information associated
with a lesion, deciding an assigned doctor for the medi-
cal image as the assignment target based on information
which 1s registered and represents an aptitude of each

doctor with respect to interpretation of a specific lesion;
and

when the analysis result includes no information associ-
ated with a lesion, deciding an assigned doctor for the
medical image as the assignment target based on 1nfor-
mation which 1s registered and represents an aptitude of
cach doctor with respect to interpretation of a medical
image obtained by 1imaging by a specific medical imag-
ing apparatus.
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